Epilepsy is very prevalent among elderly inpatients and treatment is far from ideal. Objective: To analyze prescribing patterns of antiepileptic drugs (AEDs) for hospitalized elderly with epilepsy, their relations with comorbidities and comedications. Method: We assessed prescription regimen of elderly patients that were under AED use for treatment of epileptic seizures, during hospitalization. One hundred and nine patients were enrolled. AED regimen was categorized into two groups: Group 1 defined as appropriate (carbamazepine, oxcarbazepine, valproic acid, gabapentin, clobazan and lamotrigine) and Group 2 as inappropriate (phenytoin and phenobarbital). Results: We found 73.4% of patients used inappropriate AEDs (p,0.001). Monotherapy was prescribed for 71.6% of patients. The most common comorbidity was hypertension. Potentially proconvulsant drugs as comedications were used for nearly half of patients. Conclusion: Inappropriate AED therapy was commonly prescribed regimen for elderly inpatients. Some recommendations are discussed for a better care of elderly inpatients with epilepsy.
Epilepsy is a common serious chronic neurological condition of the central nervous system (CNS) leading to poor quality of life and substantial morbidity and mortality 1 . It is the third most frequent neurological disorder in the elderly following stroke and dementia and even more relevant because, in this growing age group, it is often neglected 2 . In Brazil and in developed and some developing countries the demography profile is changing with increasing life expectation, thus the elderly comprise the fastest growing group of the population 3 . Currently 25 to 30% of new onset epilepsy is diagnosed in elders 4, 5 . The prevalence of active epilepsy in the elderly is up to 1.5%, almost three times higher than in younger adults, but among nursing home residents may exceed 5% 2, 6 . Epilepsy in the elderly presents several peculiarities that are unlike from epilepsy in younger individuals. Elders are at greater risk of cerebrovascular diseases, neurodegenerative and metabolic disorders that are associated with seizures occurrence. Special features of the treatment with antiepileptic drugs (AEDs) in the elderly arise from their physiologic changes as from the pharmacokinetics and pharmacodynamics of these drugs. The pharmacokinetics of AEDs are complex in elderly patients owing to lower protein binding, impaired hepatic metabolism, altered volume of distribution, decreased renal clearance, and decreased enzyme inducibility 7 . As a consequence of these age-related physiological changes, equivalent dosages would be expected to produce higher serum concentrations in elders than in younger patients. Adverse effects of AEDs are the most important issue in epilepsy management, especially among the elderly. Furthermore, some AEDs may exacerbate problems that are common in elders such as tremor, ataxia and cognitive difficult 8 . Elders often require medication for their comorbidities in addition to AED, so drug interactions should be a reason for concern. Thus, many epilepsy experts consider some old AEDs (phenobarbital, primidone and phenytoin) as inappropriate (suboptimal) drugs for elders and emphasize the need for careful choice of an appropriate AED for this population 7, 9, 10 . Prescription of AED is increasing as the prevalence of epilepsy rises and remains the mainstay of seizure prevention 11 . Despite the high incidence of epilepsy in the elderly and the increase in treatment options, there are few studies specifically focusing on the clinical use of AEDs in this population. Moreover, some studies of AED metabolism have been done in elderly, especially those who are frail.
The purpose of this study was to observe and characterize the prescribing patterns of AEDs regimen for hospitalized elderly with epilepsy as well their comorbidities and comedications. We also evaluated if AED treatment was according to the current clinical recommendations, practice guidelines and expert consensus opinion.
METHOD
Retrospective, cross-sectional study was performed on hospitalized elderly patients, with epilepsy and epileptic seizures in a tertiary center in Salvador (Bahia, Brazil). We defined elderly persons as individuals aged 60 years and above. All patients were under assistance of the neurology team. Data acquisition was carried out from January 1 st , 2009 through December 31 nd , 2010. We analyzed charts of 782 elderly inpatients to ascertain prescribing patterns during length of hospitalization. They were admitted to the hospital for several neurological disorders. Of the total, 120 patients had previously diagnosed epilepsy (unprovoked seizures) or had new-onset epileptic seizures. Patients with acute symptomatic seizures (provoked seizures) were excluded from the study (11 patients). Overall, 109 patients who were under regular use of AED were selected to the study. In this sample, 39.4% (43) of patients had been using AED previously to their admission and, the remaining had their onset of prescription during hospitalization. All patients were older than 60 years at the time of their first seizure. Epilepsy was the reason for AED prescription for all enrolled patients. The collected data were: age, gender, AEDs, types of seizures, comorbidities and potentially proconvulsant comedications. We categorized AED regimen based on clinical recommendation, mostly taking into account the adverse-effects profile of AEDs for this population of elderly inpatients, into two subgroups: group 1 defined as appropriate AEDs (carbamazepine, oxcarbazepine, valproic acid, gabapentin, clobazan and lamotrigine) and group 2 as inappropriate AEDs (phenytoin and phenobarbital). AED regimens included monotherapy and polytherapy (combination therapy with two or more AEDs).
This study was approved by the Ethics Committee of the Sao Rafael Hospital of Salvador, Brazil.
The statistical analysis was carried out with SPSS version 21.0. Percentages and the mean with standard deviations were used to express baseline data. Chi-square was used for comparative analysis among categorical variables in the group of appropriate and inappropriate AEDs, as well as monotherapy and polytheraphy. Statistical significance was defined as a p-value ,0.05.
RESULTS
One hundred and nine patients (90.8% / 120) were enrolled in the study (Figure 1 ). The mean age of the patients with new-onset epilepsy was 75±9 years, 55% females.
Inappropriate AEDs, such as phenytoin and/or phenobarbital in combination with any AED, were the most prescribed AED regimen for more than two-thirds of patients (n=80) (73.4%; 95%CI=64% to 81%; p,0.001) (Figure 2) .
The most commonly used AED was phenytoin, in 53 patients (48.6%; 95%CI=39% to 58%). Carbamazepine was the second most prescribed AED in monotherapy in 10 patients (9.2%; 95%CI=5% to 16%) and when combined with other AED reaches 13.8% / 15 of patients. Lamotrigine was unless prescribed AED (n=6) in mono and polytherapy (5.4%; 95%CI=2% to 12%) ( Table 1) . Most patients (n=78) were in monotherapy (71.6%; 95%CI=62% to 80; p,0.001). Polytherapy with two and three AEDs were prescribed for 25.7% / 28 and 2.7% / 3 of patients, respectively ( Figure 3 ). The type of epileptic seizure was ascertained in 60.5% / 66 of patients. Generalized seizures were described in 33% / 36 of patients and focal seizures in 27.5% / 30 of them. Among the patients included in this study, 8.2% / 9 presented status epilepticus.
The most common comorbidities identified were systemic arterial hypertension (90%) and systemic infections (40%) followed by ischemic stroke, (38.5%). Other comorbidities are displayed in Table 2 .
Comedications with potential proconvulsant effects were used by approximately half of these patients (n=54) (49.5%; 95%CI=40% to 59%) and some of them had more than one of these prescribed drugs. Opioids pain killers, antiarrhythmics, B-blockers and antibiotics (quinolone and carbapenem) were the most prescribed potentially proconvulsant drugs (Table 3) .
DISCUSSION
To our knowledge, this is the first study performed in Brazil, regarding prescribing patterns of AEDs for hospitalized elderly with new-onset epilepsy.
Although AEDs may be prescribed for many other conditions, such as neuropathic pain and psychiatric disorders, we limited our study to prescriptions issued to patients who had been diagnosed with epilepsy. The most prescribed AED regimen in this study was the group of inappropriate AEDs for 73.4% (80/109) of patients. We found that phenytoin, in monotherapy, was the drug of choice for these hospitalized elderly with epilepsy in 48.6% (53/109). When combined with other AEDs, phenytoin prescription reaches 70.5% (77/109). These findings were particularly unexpected because we found only a small number of patients (9/109) who presented status epilepticus, a condition for which intravenous medications are required, and could be one of the reasons for phenytoin administration during hospitalization. Our results are similar to other published studies in which phenytoin was the most frequently prescribed AED for elderly people with epilepsy (EPWE), despite its saturation kinetics and high potential interaction profile 4, 12, 13 . These studies were performed previously or very soon after the earliest published guidelines advising the use of the second generation AEDs for the treatment of elders with epilepsy. In the USA, a study conducted using National data from the Veterans Health Administration (VA) and Medicare to identify trends in AED prescribing for older patients with epilepsy found that phenytoin was the most commonly used AED (66.1%) in spite of the growing number of clinical recommendations for other drugs 9 . A recent study conducted to evaluate clinical characteristics of patients with hospital-onset seizure, from 20 to 99 years old, has demonstrated that phenytoin was the most common AED prescribed de novo for 61% of patients both at seizure presentation and at discharge 14 . In our study carbamazepine, in monotherapy, was the second most prescribed AED for 9.2% (10/109) of patients and lamotrigine was prescribed for small proportion of patients, 5.4% (6/109).
A variety of factors may have contributed to scarce use of the newly AEDs in this population. First of all, the availability of few AEDs with suitable formulation for intravenous administration makes phenytoin the drug of choice when rapid seizure cessation is required; following this acute phase, usually it is maintained in its oral form until patient discharge. The lower frequency for carbamazepine prescription in this study is not clear even though this drug is marketed for over 30 years, has similar efficacy and cost to phenytoin and is well known by neurologists. Although lamotrigine has better tolerability, it requires slow titration which may hampers its prescription for hospitalized patients, especially for those requiring quick seizure control. Thus, this could be the reason lamotrigine had few number of prescriptions in our study. Indeed, the paucity of studies comparing phenytoin with newer AEDs in the elderly, may have contributed to the suboptimal prescription for this population.
Most patients had seizure remission with their first drug and become seizure-free on one AED (71.6%); the remaining patients required polytherapy with either two or three AEDs. Monotherapy is the most appropriate regimen for epileptic patient, regardless of age and it is particularly interesting for older people 8 . In total, 87% (95) patients of this study had multiple comorbidities. The most common were systemic arterial hypertension (90%), systemic infections (40%) followed by ischemic stroke (38.5%) and diabetes mellitus (33%). One study conducted for Austrian nursing home residents found that all of them had at least two comorbidities and these findings were confirmed by another Germany crosssectional study 12, 15 . There are many reasons for concern when treating EPWE, in which the presence of multiples comorbidities (Table 2) , such as arterial hypertension, systemic infections, stroke, diabetes mellitus, dementias, neoplasias, cardiopathies, etc., requires the need of comedications in addition to AED. EPWE, when hospitalized, are frailer than their counterparts and may be more at risk from adverse reactions of the AED even at standard doses on account of impaired drug elimination, physiological reduction in rate of drug metabolism and reduced seizure threshold. Malnutrition, rheumatoid arthritis, renal insufficiency are common conditions that may lower albumin levels and contribute to impair concentrations of protein-bound AEDs such as valproate and phenytoin. In this set, the use of polypharmacy is especially a problem because it increases risk of drug interactions, and even drug related deaths 16, 17 . Moreover, the clearance of most first and second generation AEDs is reduced by about 20-40% in elderly patients compared with young adults 18 . Drugs that are renally cleared, such as gabapentin, pregabalin and levetiracetam are desirable because this results in fewer drug-drug interactions 13 . In our study the patients were monitored clinically and merely 1.8% / 2 of them had measurement of serum AED concentrations. Serum AED concentrations may be important for dosage adjustment in elderly patient, however in the case of drugs that are highly proteins bound the level of pharmacologically active drug ( fraction unbound) may be underestimated 18 . For elderly patients treated with phenytoin, a highly protein binding AED, who have decreased serum albumin concentration, it is suggested that measuring free phenytoin levels may be a better indicator of efficacy and toxicity than total concentrations 6 . Moreover, phenytoin nonlinear pharmacokinetics and the capacity to induce or inhibit its metabolism can produce concentrations which may vary from sub therapeutic to toxic for some patients 13 . Seizures induced by drugs are associated with use of comedications, high doses, parenteral administration and comorbidities 4 . In our study 41% (45/109) of patients had potentially proconvulsant comedications prescribed: 33% (36/109) received one drug and 8.25% (9/109) got two drugs (Table 3 ). Compared to the Austrian study, where 91% of the residents were treated with at least one proconvulsant drug, our elderly inpatients perhaps received better level of care probably because they were assisted by neurologist during their hospitalization 12 . Drug treatment for epilepsy changed in the last two decades mainly because of the progress in epilepsy clinical research and the development of several new drugs. Some of the standard AEDs, phenobarbital, primidone and phenytoin, identified as suboptimal AEDs for the elderly with newly diagnosed epilepsy, generally have a less favorable safety profile due to their side effects and potential drug interactions 9, 10 . The other two standard AEDs, carbamazepine and valproate, have not been included in the suboptimal group for use in older patients in existing clinical recommendations 9 . Carbamazepine has simpler pharmacokinetics which makes it easier to adjust dosing, although incurs drug interactions, resulting in less severe adverse effects than phenytoin. In EPWE carbamazepine use should be a reason of concern because its propensity to induce the metabolism of other lipid-soluble drugs 4, 9, 19 . The AEDs with enzyme-inducing properties, such as carbamazepine, phenytoin and phenobarbital may promote drug-drug interactions which are particularly relevant for EPWE because usually they are under use of multiple medications to treat their comorbidities such as stroke, cardiovascular disease and neurodegenerative disorders. These enzyme-inducing AEDs may reduce the levels of drugs such as warfarin, donepezil, galantamine which is a further reason for care 17 . Many other drugs commonly used by EPWE are affected by enzyme inducers, such as calcium channel blockers and HMG-CoA reductase inhibitors (atorvastatin, lovastatin and simvastatin). Carbamazepine may have its level significant elevated when co-administrated with ticlopidine, verapamil and diltiazem. In addition, there is risk of phenytoin toxicity when administered with diltiazem 17 . Valproate should remain the drug of first choice for patients with generalized and unclassified epilepsies and has a low adverse effect profile in olders 20 . Valproate is associated with reduced protein binding and unbound clearance in the elderly, so clinical response may be achieved with a lower dose 6 . Furthermore, valproate has a beneficial mood stabilizing effect which may be appropriate for elderly with both disorders 6, 20 . The development of several new AEDs (gabapentin, lamotrigine, levetiracetam, oxcarbazepine, tiagabine, topiramate, zonisamide), that combine efficacy and low incidence of side effects has been improving the quality of care for epileptic patient 10, 11 . These new second-generation drugs have more favorable pharmacokinetics such as low protein binding and no hepatic metabolization which minimize adverse effects and drug interactions 21, 22 . In the VA Cooperative #428 Study, a randomized, doubleblind study of gabapentin, lamotrigine and carbamazepine in elderly community-dwelling epilepsy patients with newly diagnosed seizures, the authors concluded that lamotrigine and gabapentin should be considered as initial therapy for older patients with newly diagnosed seizures because their better tolerability and effective seizure control. In this study, hypersensitivity occurred more frequently with carbamazepine than with lamotrigine and hyponatremia occurred more frequently in carbamazepine than in gabapentin patients 23 . The SANAD study, Arm A, identified that lamotrigine was clinically better than carbamazepine because of its tolerability advantage and it was recommended as the AED choice for patients (children and people older 65 years) diagnosed with partial onset seizures 24 . An international multicenter randomized double-blind controlled trial of lamotrigine and sustained-release carbamazepine in the treatment of newly diagnosed epilepsy in the elderly showed comparable effectiveness, with trend for higher seizure-free rates for carbamazepine and better tolerability for lamotrigine 25 . Updated review of ILAE, concluded that gabapentin and lamotrigine are established efficacious and effective as initial monotheraphy for elders with newly diagnosed or untreated partial-onset seizures 26 . Guidelines from American Academy of Neurology, American Epilepsy Society and expert consensus opinions have been recommending the use of second-generation AEDs for the treatment of new-onset epilepsy in the elderly 27 . These recommendations are based on available evidence regarding the potential deleterious effects of long-term enzyme induction with AEDs 16 . However, despite the relative tolerability and efficacy of the newer AEDs, they have similar efficacy when compared to first generations AEDs, are generally more costly and some of them are not available in poor-resources countries 22 . On the other hand, frequently the management of epilepsy in elderly people is inconsistent because initial drug selection is often made by primary care physicians with less experience in selection and adjusting the dosages of newer drugs. Indeed, inappropriate prescription for EPWE, is associated with negative health outcomes and economic consequences 16 . The treatment gap, meaning those people with active epilepsy not on treatment or on inadequate treatment is highly variable and is mainly attributed to lack of access to or knowledge of AEDs, poverty, cultural beliefs, delivery infrastructure and few trained physicians. The choice of drug in the majority of developing countries depends on availability and cost, so phenobarbital and phenytoin, despite their side effects, are still the most prescribed drugs in these countries.
Our study has several limitations due to its retrospective design implicating a restraint data acquisition. It is possible that some patients with epileptic seizures may not be included. On the other hand, because this population consists exclusively of hospitalized elderly patients, these patterns of care may not reflect the care for the general geriatric population in this institution. Besides, AEDs such as phenytoin, phenobarbital and valproic acid rather than lamotrigine, carbamazepine, oxcarbazepine, gabapentin, pregabalin and topiramate are available for use by parenteral route, which should have contributed to their choice in the hospital setting. Despite these limitations, this study contributes to provide knowledge on patterns of antiepileptic drug therapy for elderly inpatients with new-onset epilepsy in the light of current clinical recommendations for prescribing in this age-group.
Efforts should be done in order to raise the adherence to clinical practice guidelines for treating elderly patients with new-onset epilepsy. Therefore, this study argues for the need for more double-blind trials of AED treatment, in geriatric epilepsy patients.
We conclude that elderly inpatients in our tertiary center were mainly treated with inappropriate antiepileptic drugs, mainly phenytoin. The new generation AEDs was prescribed for a small number of patients. Furthermore, nearly half of the patients had potentially proconvulsant drugs prescribed as comedications.
As the population in most countries lives longer, the challenge is the appropriateness of prescribing older people with multiple chronic conditions and under use of multiple comedications.
